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Colorado Water Diversions
There are > 24,000 diversion structures in Colorado!
Murray-Darling Basin Similarity
Lintermans, M. 2007. Fishes of the Murray-Darling Basin: an introductory guide. Murray-Darling Basin Authority, Canberra ACT, Australia.
• CO Plains fishes are:
– Generally small bodied (< 30 cm TL)
– Not strong jumpers or swimmers compared to salmon, trout, 
and shad
• Grouted rock ramp fishways are the most popular choice 
for passage
CO Fish Passage Options
30 cm
Questions Asked When Designing CO Rock Ramps
• How steep is too steep?
– Rock ramps built from 2 – 11% 
slope
• How long is too long?
– Fish endurance
– Behavioral constraints
• Roughness elements
– Size, shape, and spacing?
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Does Adding Curves Matter?
• One new rock ramp in 
CO is a “folded” design
• Maintains 5% slope in 
approx. 10% of the 
downstream distance a 
straight ramp would 
require
Project Goal
• Improve rock ramp fishway design for plains 
fishes
– Develop and construct a research flume to test 
fish passage structures
– Identify effective slope and length combinations 
for successful passage of small-bodied (< 30 cm 
TL) Great Plains fishes
– Does adding turns affect passage success?
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• Dimensions: 9.1 m x 1.2 m x 0.6 m
• 6-m rock ramp fishway installed
• Identical roughness elements
• Four FDX/HDX PIT tag antennas
• Maximum pump output: 0.085 m3/s
Methods
• Arkansas Darter Etheostoma cragini (ST, FP)
– 46 – 67 mm TL
– CPW Native Aquatic Species Restoration Facility
– Low swimming ability (based on endurance & Vmax)
• Stonecat Noturus flavus (SC)
– 94 – 249 mm TL
– Horse Creek, WY
– Moderate swimming ability
• Flathead Chub Platygobio gracilis (SC)
– 64 – 165 mm TL
– Fountain Creek, CO
– High swimming ability
Methods
• 5 slopes: 2%, 4%, 6%, 8% and 10%
– (1:50, 1:25, 1:16.7, 1:12.5, 1:10)
• One species per trial
– ARD: 10 fish per trial
– STP: 5 fish per trial
– FHC: 10 fish per trial
• Each fish used for 3 trials
– Constrained to one slope
• 20-hour passage trial
– 10 h of light, 10 h darkness
• Temperature held at 20.0°C ± 0.5°C
• 5 slopes x 3 species x 9 replicates = 135 trials
Data Analyses
• Cormack-Jolly-Seber Model in MARK
– Calculated probability of full (A1 → A4) or partial 
passage success
– Arbitrarily defined probability of passage ≥ 0.4 as 
“acceptable”
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Results - Stonecat
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Results – Flathead Chub
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Daily Movements
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Does Ramp Curvature Matter?
• Added a 1.2-m radius 
curve to the middle of 
the rock ramp
• Slope: 4%
• 9 trials with ARD, 6 
trials with STP and FHC
• Measured proportion of 
fish reaching uppermost 
antenna
Effects of Ramp Curvature (preliminary)
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Management Implications & Conclusions
• As gradient decreases, 
probability of passage increases
– 4% slope provides acceptable 
passage of poor → good 
swimmers
• Shorter fishway segments 
increase probability of passage
– < 2 m for darters
– ≤ 7 m for others
• Light intensity influences 
passage activity – success?
• Curved sections do not appear 
to substantially alter passage 
success
Rock ramp fishway installed on the Poudre R., 
Fort Collins; 5% slope, 3 m long.
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